This report describes the social distribution of central obesity and the metabolic syndrome at the Whitehall II study phase 3 examination, and assesses the contribution of health related behaviours to their distribution. Cross-sectional analyses were conducted utilising data collected in 1991-1993 from 4978 men and 2035 women aged 39-63 years who completed an oral glucose tolerance test. There was an inverse social gradient in prevalence of the metabolic syndrome. The odds ratio (95 % confidence interval) for having the metabolic syndrome comparing lowest with highest employment grade was: men 2.2 (1.6-2.9), women 2.8 (1.6-4.8). Odds ratios for occupying the top quintile of the following variables, comparing lowest with highest grade, were, for waist-hip ratio: men 2.2 (1.8-2.8), women 1.6 (1.1-2.4); postload glucose: men 1.4 (1.1-1.8), women 1.8 (1.2-2.6); triglycerides: men 1.6 (1.2-2.0), women 2.2 (1.5-3.3); fibrinogen: men 1.7 (1.4-2.3), women 1.9 (1.2-2.8). Current smoking status, alcohol consumption and exercise level made a small contribution (men 11%, women 9 %) to the inverse association between socioeconomic status and metabolic syndrome prevalence. In conclusion, central obesity, components of the metabolic syndrome and plasma fibrinogen are strongly and inversely associated with socioeconomic status. Our findings suggest the metabolic syndrome may contribute to the biological explanation of social inequalities in coronary risk. Health related behaviours appear to account for little of the social patterning of metabolic syndrome prevalence. [Diabetologia (1997[Diabetologia ( ) 40: 1341[Diabetologia ( -1349 
mean blood pressure level shows only a small differential in the expected direction [3, 10, 11] .
Although the classical risk factors fail to account for social inequalities in coronary disease, we have demonstrated that plasma fibrinogen, and its determinants, may be important [12] . It may also be that the abdominal pattern of fat distribution is implicated. A high waist-hip ratio is a marker for increased risk of coronary disease [13] [14] [15] [16] and non-insulin-dependent diabetes mellitus (NIDDM) [17, 18] . Central obesity is linked with features of the metabolic syndrome, or Reaven's syndrome X [19, 20] , impaired glucose tolerance, insulin resistance and raised serum triglycerides, and low levels of HDL cholesterol. Studies of South Asian communities in Britain [18] suggest that central obesity and associated metabolic disturbances involving glucose, insulin and lipids underlie the excess coronary disease rates experienced by these ethnic groups.
In order to test the hypothesis that the metabolic syndrome contributes to the explanation of social inequalities in coronary risk, the second medical examination (1991) (1992) (1993) of the Whitehall II cohort included a 2 h 75 g oral glucose tolerance test and measurements of waist and hip circumferences. This report presents the distribution of NIDDM, impaired glucose tolerance, anthropometric and biochemical factors including lipoprotein(a), according to Civil Service employment grade, which is a sensitive measure of social position, and examines the behavioural correlates of the metabolic syndrome. The second examination involved measurements of fibrinogen and a second acute-phase reactant, von Willebrand factor, on the whole cohort [21] .
Subjects and methods
Participants. Demographic and psychosocial characteristics, health and risk factor status of the 10308 participants at baseline are published [3, 22] . Subjects were recruited in 1985-1988 (Phase 1) from 20 London-based Civil Service departments. The response rate was 73 % but detailed investigation in one department showed that 4 % of those present on the list of employees had moved prior to our study, and so the true response rate is likely to be higher. The data presented are from Phase 3 (1991-1993), involving examination of 5616 men and 2488 women aged 39-63 years.
South Asian and Afro-Caribbean subjects have been excluded from the analyses. In these groups coronary risk does not show the inverse social gradient evident in adults of European origin [23] which this paper examines. A further 286 subjects of unspecified ethnic origin were excluded, yielding 7013 European subjects (4978 men, 2035 women). Current use of drugs affecting the cardiovascular system was reported by 3.7 % of men and 5.9 % of women, fl-Adrenoceptor antagonists were most commonly reported (137(2.8%) men, 67(3.3 %) women), followed by thiazide diuretics (33(0.7 %) men, 53(2.6 %) women). Exclusion of these subjects did not materially change the results and this group was retained for the analyses.
Screening examination. All measurements were carried out according to a standard protocol [24] . Body circumferences were measured with subjects in the standing position and unclothed, utilizing a fibreglass tape-measure at 600 g tension. The waist circumference was taken as the smallest circumference at or below the costal margin and the hip circumference at the level of the greater trochanter. The oral glucose tolerance test was administered following an overnight fast or in the afternoon after no more than a light fat-free breakfast eaten before 08.00 hours. After the initial venous blood sample, participants drank 389 ml 'Lucozade' (equivalent to 75 g anhydrous glucose) over 5 min. A second blood sample was taken 2 h later. Diabetic subjects did not participate in this part of the screening.
Venepuncture of the left antecubital vein was performed with tourniquet. Blood was collected into plain, citrate or fluoride Sarstedt monovettes. After centrifugafion samples were immediately frozen at -80 ~ and stored until assay. Serum for lipid analysis was refrigerated at -4~ and assayed within 72 h. Glucose was determined in fluoride plasma by an electrochemical glucose oxidase method. Serum insulin was measured by radioimmunoassay using a polyclonal guinea-pig antiserum. Cholesterol and triglycerides were measured in a centrifugal analyser by enzymic colorimetric methods. HDL cholesterol was determined after dextran sulphate-magnesium chloride precipitation of non-HDL cholesterol. LDL cholesterol level was derived from the Friedewald equation [25] . External comparisons and examination of age differences at Phases 1 and 3 show that serum cholesterol levels were over-estimated by approximately 0.33 mmol/1 at follow-up. Lipoprotein(a), and apolipoproteins AT and B were determined by immunoturbidimetric methods. Fibrinogen was determined by an automated modification of the Clauss method [24] . von Willebrand factor (vWF) factor antigen was measured by double antibody ELISA. Technical error was estimated by assaying blinded duplicate samples for 5 % of subjects. Coefficients of variation were 2.0-6.6% for glucose, cholesterol, triglycerides and HDL cholesterol, 23 % for insulin, 16.4 % for vWF and 7.7 % for fibrinogen.
Repeated measures. A sub-sample of 323 subjects returned after 2-4 weeks in order to estimate reliability (between-person variability'as a proportion of total variability). Reliability for the anthropometry, estimated by intra-ctass correlations, was 0.93 or better except for hip circumference in women (0.86). Intra-class correlations for fasting glucose and insulin were respectively 0.58 and 0.52, and for 2 h samples 0.66 and 0.58, for lipid measurements 0.78-0.97, for vWF 0.75 and for fibrinogen 0.50 in men and 0.72 in women. Multilevel modelling (MLn) showed that diurnal variation was a source of variance in the glucose tolerance test results. For 2 h values of glucose and insulin respectively 8.7 and 6 % of between-subject variation, and 10.3 and 4.9 % of within-subject variation was attributable to time of sample. This effect was controlled for by adjusting fasting and post-load glucose and insulin to a sample time of 12.00 hours.
Questionnaire and grade of employment. Participants completed a machine-readable questionnaire which was checked for completeness and validity. An interviewer elicited missing responses. Participants reported their Civil Service grade title, which was assigned to 1 of 6 grades based on salary scale. Grade Glucose tolerance. Impaired glucose tolerance was defined according to World Health Organisation criteria [26] as a 2 h post-load glucose of 7.8-11.0 mmol/1. Diabetic subjects were defined as known and newly diagnosed cases, identified from questionnaire responses ('Do you suffer from diabetes: yes/ no', diabetic eye disease, or current use of oral hypoglycaemic drugs) or a post-load glucose > 11.1 mmol/l (or, if missing, a fasting glucose>7.8mmol/l). In normoglycaemic subjects only, the post-load insulin concentration was taken as an index of insulin resistance [27] .
Definition of the metabolic syndrome. Prevalence of the metabolic syndrome was defined on the basis of clustering of risk factors according to their sex-specific distributions. Individuals were considered to have the metabolic syndrome when three or more of the following were in the top sex-specific quintile: 2 h glucose, systolic blood pressure, fasting triglycerides, HDL (Table 1) . Subjects taking hypotensive medication were assigned to the highest blood pressure quintile, and known diabetic patients to the highest 2 h glucose quintile. Inclusion of 2 h insulin among the variables produced similar results in analyses by grade, but was not considered to be a good proxy for insulin resistance [27] . Among glucose intolerant subjects, 49.4 % of men and 44.7 % of women were not in the top insulin quintile. Clustering of unfavourable levels of these variables was demonstrated with grade of membership models [28] and principal components analysis. In both sexes, these methods identified two associated risk factor clusters: glucose, insulin and blood pressure, and triglycerides, HDL cholesterol and waist-hip ratio. Statistical analysis was performed using SAS computer software (SAS, Cary, N.C., USA). Biochemical variables were log transformed. For age adjustment linear regression or logistic regression was used, holding age to its whole sample mean of approximately 50 years. Among women, an interaction term for age and menopausal status was included. Probabilities for occupying the top quintile according to employment grade were determined by logistic regression. Tests of trend or heterogeneity were based on regression analysis with the relevant factor entered respectively as a continuous or categorical variable with age as a covariate. Initially grade was treated as a categorical variable with 6 levels and odds ratios estimated relative to the highest grade level. These analyses showed the odds ratios generally increased monotonically across the grades. To improve precision, therefore, odds ratios of lowest versus highest grade were estimated with grade entered as a continuous variable.
Results
Demographic and behavioural characteristics, and glucose tolerance status of the study population at phase 3 are shown in Table 2 . Higher employment grades tend to be occupied by men, and the lower grades by women. Less than 20 % of respondents reported being current smokers. Women were more likely than men to say they were non-drinkers. Among drinkers, men tended to report a higher alcohol intake than women. Habitual vigorous physical activity (more than 1 h per week) was reported by approximately twice as many men as women.
Mean + SD body-mass index was 25.2 + 3.2 kg/m 2 in men and 25.4 + 4.6 kg/m 2 in women. The mean + SD waist-hip ratio was 0.902 + 0.061 in men and 0.770 + 0.069 in women. Whitehall II subjects tended to have a lower degree of obesity and to be somewhat less centrally obese than groups of a similar age sampled from the general population [10] . Body-mass index and waist-hip ratio were moderately associated (age-adjusted partial correlations: men 0.66, women 0.55; bothp < 0.0001).
Age and, in women, menopause adjusted means by employment grade for anthropometric and biochemical measures are shown in Tables 3 and 4 . In general, there were linear trends across grades with the lowest grades having the more adverse levels. There was no trend by grade in mean hip circumference in men or women and therefore grade differences in mean waist-hip ratio were produced mainly by variation in waist circumference. Grade differences in glucose and insulin levels tended to be small in the fasting state, and larger after the glucose load. Among women the trend in mean 2 h insulin was essentially linear, but the probability of having a level in the top quintile showed substantial non-linearity, with a similar prevalence in the top administrative grade as in the clerical category (Fig. 1) . Mean fasting Mean fibrinogen levels were inversely related to employment grade in both sexes, replicating findings at Phase 1 [12] . Systolic blood pressure was not associated with employment grade (Tables 3  and 4 ) but was significantly correlated with waist-hip ratio (age-adjusted partial correlations: men 0.21, women 0.17, b o t h p < 0.001).
Odds ratios for occupying the least favourable quintile of the metabolic syndrome related variables and plasma fibrinogen for each grade relative to the highest grade are shown in Figure 1 . Strong trends across employment grades are seen for most of these variables. The sizes of the generally monotonic trends are summarised in Table 5 . Large differentials were observed in both sexes for waist-hip ratio, H D L cholesterol and fibrinogen. 549 (11.7 % of 4691) men and 234 (12.2 % of 1916) women fulfilled the criteria for the metabolic syndrome, as defined (Table 1) . Odds ratios for having the metabolic syndrome by employment grade are shown in Figure 2 . The odds ratio for having the syndrome in the lowest compared to the highest grade was 2.16 for men and 2.75 for women. Removing 2 h glucose from the set of variables used to define the metabolic syndrome (as if a glucose tolerance test had not been conducted) yielded a prevalence of 7.6 % in men and 8.7 % in women. The odds ratio for having the metabolic syndrome by grade using this definition was 2.20 (1.53-3.17, trend p<0.0001) in men and 3.63 (1.85-7.14, trend p < 0.005) in women.
The associations of the metabolic syndrome with body-mass index, smoking status, alcohol consumption and physical exercise are shown in Table 6 . Degree of obesity was highly associated with prevalence of the metabolic syndrome. In contrast, smoking Table 1 for definition of metabolic syndrome. Two women had missing data on menopausal status. Adjusted for age, and menopausal status in women. Chi-square tests for trend, except for alcohol for which heterogeneity test was utilized status and physical activity level were weakly or not at all associated with the metabolic syndrome. Among women, low/moderate alcohol consumers (1-14 units/week) had a low probability of exhibiting the syndrome. Logistic regression analysis was performed with the metabolic syndrome as the dependent variable, employment grade (6 level continuous variable) as the predictor variable, and age group, and menopausal status in women as the adjustment variables. Adjustment for behavioural factors (smoking status, alcohol consumption and exercise level) had little effect on the grade gradient, reducing it by 11% in men and 9 % in women. Adjustments for body-mass index as well as behavioural factors produced attenuations of 33 % in men and 10 % in women.
There is interest in the degree of involvement of the haemostatic system in the metabolic syndrome [20, 21] . Fibrinogen levels were directly associated with waist-hip ratio (men R = 0.17, women R = 0.20; both p < 0.0001), with fasting insulin among normoglycaemics (men 0.12, women 0.21; both p < 0.0001) and inversely associated with HDL cholesterol (men -0.18, women-0.22; b o t h p < 0.0001).
Discussion
Central or abdominal obesity, long recognised as a factor predisposing to diabetes and coronary disease [29] in both sexes, is linked with glucose intolerance, insulin resistance and disturbances of lipoprotein metabolism [30, 31] . Each of these components of the metabolic syndrome showed a close inverse association with employment grade in the Whitehall II data. Clustering of risk factors into the characteristic metabolic syndrome pattern was strongly associated with lower grade in both men (odds ratio = 2.2) and women (odds ratio = 2.8). For comparison, 10-year coronary mortality in the first Whitehall study in the clerical grade was 2.3-fold greater than that among administrators [32] . In the absence of marked differentials in serum total cholesterol [3, 9, 10] or blood pressure [11] , our findings thus suggest a biological explanation for the increasing risk of coronary disease as the social strata are descended [4, 33] .
Visceral fat is the critical fat depot related to the metabolic syndrome [13] [14] [15] [16] [17] [18] [19] [20] . The extent to which the findings for central obesity and socioeconomic status might be generalised was investigated by collecting data from 13 population-based surveys in Britain, mainland Europe and the USA (references available from author). Nine of 12 surveys among men, and 11 of 13 among women showed an inverse relation between socioeconomic status and waist-hip ratio. Associations between low socioeconomic status and low levels of HDL cholesterol have been reported [9, 34, 35] , and as in our data, tend to be stronger among women than men. Here we have been able to carry out a detailed cross-sectional study of anthropometry, lipid metabolism and glucose tolerance in a cohort set up to examine socioeconomic status and chronic disease. Our pragmatic definition of the metabolic syndrome, based on clinical observation [19, 20] and supported by multivariate analyses, has identified approximately equal proportions of men (11.7 %) and women (12.2 %) who meet the criteria. Our use of sex-specifi~ quintiles for the component variables constrains women to have approximately the same prevalence of 'abnormality' as men. If, in fact, the syndrome is less prevalent in women [36] our definition of abnormal may misclassify more women than men. It may be for this reason that the association between metabolic syndrome and employment grade is less linear among women than men. It may also be that the influence of employment grade is mediated by different factors among women and men.
The effects of social status on risk of premature mortality and ill-health are not restricted to individuals in poverty, whose deprived living conditions are linked with the largest health deficit [37] . A stepwise increase in the experience of preventable ill-health extends downwards across the social spectrum. For example, relatively well-paid and highly-educated employees in Civil Service executive grades are more likely than their more senior administrative colleagues, and less likely than their clerical colleagues, to exhibit prevalent electrocardiographic ischaemia [3] . These crucial observations suggest that psychosocial influences, as well as an adequate level of material security, are important in explanations of the social gradient in ill health [38, 39] .
The inverse occupational gradient in the metabolic syndrome was little altered by taking account of current reported smoking, alcohol consumption and exercise level. The effect of physical activity may be underestimated due to our imprecise assessment of this complex behaviour. Further, dietary composition has not been taken into consideration in these analyses. Another more precisely measured behaviour-related variable, degree of obesity, was strongly related to metabolic syndrome prevalence (Table 6 ), but when all of these factors were statistically accounted for a considerable occupational gradient in metabolic syndrome remained. This finding is consistent with the operation of other potentially important influences on coronary risk [12] .
Our striking anthropometric and metabolic findings may be evidence of psychosocial influences [6, 40] . Financial strain [41] , job insecurity [42] , low perceived control at work [12] , stressful life events and poor social networks, depression [43, 44] and low self-esteem [44] are each a function of social status, and these may be translated to effects on body systems regulated by the central nervous system. Findings from human and animal studies indicate that central obesity, glucose intolerance, hypertension and disturbances of lipoprotein metabolism may be promoted by the activity of the hypothalamic-pituitary-adrenal axis [40] and perhaps other pathways [45] which link perception and cognition with physiological processes. Congruent with this, hostility, assessed by the Cook-Medley/MMPI questionnaire [46] and financial problems were found to be associated with waist-hip ratio in each of the four race/sex groups in the CARDIA study of young adults [47] .
Remarkably, the same lipoprotein and apolipoprotein gradients observed by employment grade in male Civil Servants [22] are observed among male baboons according to dominance: low status-low I-IDL cholesterol and apolipoprotein AI, and no difference in the LDL fraction. Sapolsky and Mott [48] showed that higher ranking male baboons had lower morning cortisol levels, and that, overall, cortisol was inversely correlated with HDL cholesterol and apoAI concentrations. In humans, Cushing's syndrome, characterised by a massive cortisol excess without diurnal variation, provides an extreme example of the effects of glucocorticoids on glucose tolerance and lipoprotein metabolism [49] .
It has been suggested that the health impact of social status is not the same in men and women [50] . Among men in the present study, the inverse gradients by grade in waist-hip ratio, glucose, insulin, low HDL cholesterol, raised triglycerides and fibrinogen are predominantly linear. The gradients among women are less consistent, particularly in the case of insulin, and reflect a tendency in the highest employment grade towards a poorer risk profile than predicted by simple analogy with men. A clear sex difference is evident for the low density lipoprotein fraction. At the study baseline [22] apoB was higher in the lower grades among women but not men. Parallel findings have been obtained with low density lipoprotein cholesterol at phase 3.
Findings from the Whitehall II study baseline suggest that haemostatic function may be important in explaining the inverse socioeconomic status-coronary disease association [12] . In these follow-up data we replicate the employment grade-fibrinogen relationship and show that vWF levels are also inversely related to grade. It may be that haemostasis, as well as fibrinolysis [21] , might be considered a candidate for addition to the constellation of factors which make up the metabolic syndrome. A high fibrinogen level is linked with a high waist-hip ratio, high fasting insulin and low HDL cholesterol in our study population.
Central obesity and other features of the metabolic syndrome, with the exception of resting blood pressure, increase in prevalence with each step down Civil Service employment grade strata. The findings are evidence of a distinctive socially patterned clustering of coronary risk factors. It remains to be seen whether membership of the higher-risk group defined at this study phase will be stable. As follow-up continues we will determine the extent to which the metabolic syndrome identifies those who later develop coronary disease, and is able to account for differences in disease incidence by employment grade. Our findings are consistent with behavioural, psychosocial and early life [51, 52] influences on the social distribution of coronary disease risk. Further investigation is required to examine the possible roles of psychosocial factors and altered neuroendocrine function in generating the distinct clustering of risk factors we have identified.
It is hoped that improved understanding of the biological basis of social inequalities in coronary risk will be useful in developing strategies for their reduction. Central obesity, its determinants and metabolic correlates may prove to be important considerations in this respect.
